The use of meditation to improve emotion and attention regulation has a long history in Asia and there are many practitioners in Western countries. Much of the evidence on the effectiveness of meditation is either anecdotal or a comparison of long-term meditators with controls matched in age and health. Recently, it has been possible to establish changes in self-regulation in undergraduate students after only 5 days of meditation practice, allowing randomized trials comparing effects of meditation with other self-control methods such as relaxation training. Early studies took place in Chinese universities; however, similar effects have been obtained with U.S. undergraduates, and with Chinese children aged 4.5 years and older Chinese participants aged 65 years. Studies using neuroimaging techniques have shown that meditation improves activation and connectivity in brain areas related to self-regulation, and these findings may provide an opportunity to examine remediation of mental disorders in a new light.
Introduction
Mindfulness-based interventions (MBIs) are composed of several key components, including relaxation, breathing practice, mental imagery, and body-mind awareness. [1] [2] [3] [4] [5] Although MBIs vary in their methods, quality, and dosage, some have been shown to improve attention, emotion regulation, and social relationships in children and adults. 1, [4] [5] [6] [7] However, several key theoretical and methodological challenges arise in the field. 8 As noted in a recent review, 9 most research in this area has lacked scientific rigor and has not used the random assignment and active control necessary to attribute causality to the mindfulness intervention. One reason that most studies do not use these designs is the expectation that very long-term training is needed to obtain strong behavioral results. In this paper, we examine one form of mindfulness training for which extensive randomized trials have been conducted using a rigorous control of relaxation training. These studies have provided a possible anatomical basis for the effects of training involving both central and autonomic nervous system changes. These anatomical changes suggest the possibility of an approach to the remediation or prevention of some clinical conditions, including substance abuse, psychopathy, borderline personality disorder, and schizophrenia.
Randomized controlled trials
In 2007, we reported on a version of mindfulness meditation, integrative body-mind training (IBMT), adapted from traditional Chinese medicine. 2 The general method for IBMT is briefly described in the next section.
Description of IBMT
IBMT originates from ancient eastern contemplative traditions including traditional Chinese medicine and Zen meditation. This type of meditation does not stress an effort to control thoughts, but instead promotes a state of restful alertness that allows a high degree of awareness and balance of the body, mind, and environment. The meditation state is facilitated through training and trainerparticipant interaction. 10 IBMT practice is typically conducted in a group setting and includes (1) a presession (approximately 5 min), (2) a practice session (approximately 20 min), and (3) a postsession (approximately doi: 10.1111/nyas.12227 5 min). Each session is led by a qualified IBMT coach who has completed IBMT training and passed associated certification tests, participated actively in the IBMT intervention as part of training, and demonstrated the ability to effectively interact with the trainees. The role and skill of the coach in effectively engaging intervention participants is critical, especially when working with adolescents and children. 11 In the presession, the coach reviews instructions for the practice session, interacts with participants, and helps guide them into quietness and a mindful state. In the practice session, participants follow IBMT instructions using a compact disk (CD) that includes background music to help them enter a meditative state. During the practice session, the coach observes facial and body cues to identify participants who are having problems with the method, and provides feedback either promptly or after the session. Practice sessions are intended to help each participant increase the length of time spent in the meditation experience, so that the quality of meditation will improve with each session. In the postsession, the coach facilitates a brief group discussion to help ensure that participants have had positive experiences. 2, 3, 7, 12 The rapid acquisition of the meditation state using IBMT allowed us to design a strong test of the effects of training. A sample of 80 Chinese undergraduates were assigned randomly to a meditation group that underwent five 20-to 30-min sessions of IBMT or to a control group that underwent five sessions of relaxation training, 2 commonly used in the West as a part of cognitive behavioral therapy. We tested IBMT and control groups before and after training using the Attention Network Test (ANT), which uses a flanker task to introduce conflict and measure the efficiency of the executive network. Precues provide information on when and where the target will be presented to measure alerting and orienting. 13 We found a greater improvement in executive attention in the IBMT group than in the control group ( Fig. 1 ). IBMT also produced improvements in selfreported mood state and a reduction in the stress hormone cortisol following a cognitive challenge (mental arithmetic) as measured from saliva samples ( Fig. 2A ). It also improved immunoreactivity, measured by a salivary assay related to the efficiency of immunoreactivity (secretory immunoglobulin A, sIgA; 2 Fig. 2B ). The reduction in cortisol levels and improvement in immunoreactivity (sIgA) found with IBMT after 1 week were dependent on repeating the training just before assessment to ensure that subjects would be in the meditative state when tested. Other findings, such as self-reported improvements in mood and efficiency of executive attention as measured by the ANT, were found even without an additional training session.
Continued training
In additional studies in both the United States and China, groups of undergraduate students were randomly assigned to IBMT or relaxation for 1 month (4 weeks, 11 h in total). With this longer period of training, greater changes in aspects of attention were found. On the ANT, both the alerting and executive network were more improved with IBMT than with relaxation training. 11 The increased dose of IBMT significantly reduced cortisol and significantly increased immunoreactivity even at baseline before any cognitive challenge ( Fig. 3 ). This suggests that subjects with only 1 month of meditation training were able to resist the stress of everyday life to a greater degree than they were able to before training or following relaxation training. 14, 15 These studies also showed that our findings in China were consistent with those in U.S. undergraduates. 
Cultural differences
Our initial studies were conducted with Chinese undergraduates at Dalian University of Technology, and we have now replicated many of these studies with American students at the University of Oregon. While the brain mechanisms, behavior, and physiological outcomes of training were very similar in the two cultures, there were differences in the subject populations. While anecdotal, these differences do have important consequences for conducting future research. For example, it was difficult to get American students to commit themselves to a regular schedule of sessions, particularly for those lasting 1 month. The U.S. students needed more makeup sessions and tended to keep a more irregular schedule than Chinese students who maintained regular schedules and rarely missed sessions. Generally, the training sessions involved five to seven students, and the group setting was preferred by Chinese students, but many U.S. students also wanted individual sessions. The U.S. students also appeared to prefer detailed verbal instructions to achieve the meditative state, whereas Chinese students better followed the intended method into the meditative state. The average age in Chinese and American groups was 20 years old, and the undergraduates shared similar interests such as the use of iPhones, computers, and the Internet. We thought the Chinese students may be more sensitive to meditation given cultural influences but did not find evidence of this. 10 It is natural to ask how long the effects of training with IBMT last. To date we have had some difficulty in providing an answer to that question. One of the problems is retaining a full sample of the same U.S. undergraduates to participate again after 6 months or 1 year because they are often too busy, or have changed or left school. However, the issue of improvement with no further training is somewhat less relevant for meditation training than for other forms of intervention. Once having learned the method, it is relatively easy to continue, and the practice can be carried out with little or no expense other than setting aside a half hour per day. Nonetheless, we plan to test the lasting effects in future research.
Mechanisms

Physiological changes
Training in IBMT improved executive attention; 2, 11 however, unlike other studies used to train attention, [16] [17] [18] there was no specific effort to have the trainees perform a behavioral task. We have argued that IBMT might work by changing the brain state. 4 A change in state refers to a change in the central and autonomic nervous system that does not depend upon performance of any particular task. One part of our argument was based on evidence from heart rate variability showing increased activity in the parasympathetic portion of the autonomic nervous system specific to IBMT practice. 3 More specifically, we thought that the calm but focused meditation state might increase the function of the anterior cingulate portion of the executive attention network, a hypothesis that was tested in the study described below. Also indicative of a change of brain state is that meditation may alter the resting state (default state) as measured by functional magnetic resonance imaging (fMRI). 8, 19, 20 Brain changes A further study 3 collected brain imaging (singlephoton emission computed tomography, SPECT) data before and after 5 days of training. Activation of the anterior cingulate cortex (ACC) was greater following IBMT than following relaxation training, confirming our hypothesis. Following 1 month of training, the IBMT group showed improved functional connectivity between the ACC and striatum in comparison with the relaxation group. Moreover, parasympathetic function, as measured by heart rate variability, had changed more in the IBMT group than in the controls. Further studies using diffusion tensor imaging revealed that several white matter tracts connecting the ACC to other areas had improved their efficiency as measured by fractional anisotropy derived from diffusion tensor imaging. 21 The tracts altered by training are indicated in Figure 4 , including the anterior corona radiata, which has previously been shown to be specifically related to the executive attention network. 22 These findings show that connectivity related to self-regulation can be altered in adults by meditation training. The results have potential implications for all aspects of self-regulation-related problems or disorders, including clinical or educational applications.
Older adults and preschool children
Comparing physical and mental training in aging
Previous studies have shown that physical exercise and meditation both lead to increases in physical and mental health. 1, 23 However, it is unknown whether the two practices share the same underlying mechanisms. In the same local communities, we randomly chose healthy and high-functioning Chinese elders (about 65 years old) from previously developed 10-year IBMT or physical exercise groups. Each group had practiced daily in the local community for an average of 1 hour. The IBMT or exercise instructor in the same community supervised the practice sessions. 11 All participants were living independently and were matched in age, sex, education, and health status. At the end of the 10 years of training, we measured brain activity, physiology, and behavior. No sedentary control group was assigned because such a group would be unlikely to maintain good health over a 10-year period so that our data represent only differences between mental and physical training.
In comparison with exercise, we found significantly higher results for IBMT on (1) ratings of quality of life, (2) parasympathetic activity indexed by high-frequency heart rate variability, (3) basal sIgA levels, and (4) basal cortisol levels. 11 The IBMT group also showed stronger brain connectivity between the dorsal ACC and the striatum using resting-state fMRI and greater grey matter in the striatum using structural MRI than the exercise group. The exercise group showed lower overall heart rate and greater chest respiratory amplitude than the IBMT group at baseline. Our results suggested that meditation and physical exercise may work in part by different mechanisms, with exercise producing greater physical fitness and meditation producing greater central nervous system changes. These findings suggest that combining physical and mental training may lead to better health and quality of life during aging.
Preschool children
During childhood the ability to resolve conflict is correlated with parental reports of their child's ability to regulate his or her behavior. These findings have led us to associate the executive network with behavioral self-regulation or self-control. [24] [25] [26] Previously we had given 4-and 6-year-old children executive attention training using computer programs developed from those used to train monkeys for space experiments. These exercises involved specific practice on attention tasks. Five days of training produced improved networks underlying executive attention 17, 18 and improved IQ scores. Since our study, a number of other methods have been used to train attention in preschool children. All of these methods have involved what we call attention training, that is the deliberate exercise of particular brain networks related to attention functions. 16 It may be thought that preschool children would not be able to be trained in meditation that requires strict adherence to instructions. However, there is evidence for the effectiveness of meditation training in young children. 12, 27 For example, Chinese 4.5-year-olds were given 10 h of practice with a child version of IBMT in half-hour sessions over a month, in comparison with an active control condition that included classroom activity. This training produced a significant increase in self-regulation as measured by parents' reports of effortful control in the Children's Behavior Questionnaire. 26 Performance in two Stroop-type tests adapted for children was also significantly improved for the IBMT group in comparison to controls. 10 These findings suggest that IBMT can have effects in a range of age groups from preschool-age children to older adults. In the future we plan to apply this program to U.S. children.
Clinical applications
Overall attention and attention-state training are promising methods for clinical application. Attentional difficulties are a frequent symptom of different forms of psychopathology. 25 However, without a real understanding of the neural substrates of attention, there has not been a sufficient basis for systematic efforts to remedy attentional problems. This situation has been changed with the application of our understanding of attention networks to pathology. Viewing attention as an organ system with its own functional anatomy carrying out specific attentional functions, and investigating the underlying neural networks, provides a means of classifying disorders that differs from the usual internalizing (e.g., depression) versus externalizing (e.g., conduct disorder) classification applied to such disorders. 28 A number of mental disorders seem to involve primarily the executive attention network. These disorders involve a specific difficulty in resolving conflict in the flanker or other conflict-related tasks. Although many disorders also involve other executive functions, such as planning or problem solving, we concentrate on measures of conflict resolution that involve the executive attention network we have been discussing. These disorders include, but are not limited to, substance abuse, psychopathy, borderline personality disorder, and schizophrenia. 25 Since we have discussed a method to improve the functioning of executive attention through specific training and meditation, it seems reasonable to test whether training would prove particularly useful for disorders that involve this network. Below, we briefly outline some of the areas where our training methods might be relevant to various disorders.
Substance abuse
Many studies of substance abuse have identified abnormalities in the frontal midline including the ACC and striatum among other areas. 29, 30 In one example, a recent study using conflict tasks (Stroop) and fMRI showed that, in comparison with a control group, adolescent long-term marijuana abusers showed a deficit in the ability to resolve conflict caused by an inefficient executive network. 31 This result could either be the cause or the result of using the drug. In either case, methods that might strengthen the activation and connectivity of the ACC could be useful in the treatment of this disorder.
Psychopathy
Psychopathy involves a failure of empathy for the pain of others when taking actions that are rewarding to the self. Studies suggest that psychopathic behavior also rests upon the kind of attention paid to environmental cues including other people. When cues are deliberately attended to, psychopaths seem to behave similarly to nonpsychopaths, but they do not seem to monitor the environment for those cues if they are not already in the focus of attention. 32 According to one imaging study, the ventral ACC was less active in psychopaths when viewing frightening faces than for nonpsychopaths. 33 Since attentionstate training increases activity in the ventral anterior cingulate, this might be a relevant therapy.
Borderline personality disorder
Borderline personality disorder is characterized by great variability of affect and difficulties in interpersonal relations. We compared borderline patients with controls who were equally high in negative emotionality and low in self-regulation as measured by adult temperament scales. 26 It was found that borderline patients had even greater deficits in conflict resolution in the ANT than controls. 34 Imaging results showed overgeneralization of responding to negative words in the amygdala, and reduced responding in the anterior cingulate and related midline frontal areas involved in selfregulation, in borderline patients. 35 Patients with higher effortful control and better conflict scores on the ANT were also the most likely to show improvements with therapy. Since mindfulness training increases ACC activation, it might improve selfregulation in these patients.
Schizophrenia
In a study using the ANT, 36 patients with chronic schizophrenia were compared to a control group matched for age and education. The schizophrenic patients had much longer reaction times in order to resolve conflict than did the controls. They also showed a small orienting deficit of the type that had been reported previously in first-break nevermedicated patients. 37 An imaging study run on these first-break patients revealed a deficit in activity in the left globus pallidus. The disorder seems to progress from a focal abnormality to one involving a reduction of executive control. 38 The pathology involved in schizophrenia in the chronic state appears to be related to the executive network and self-regulation; thus it might also be a candidate for meditation or other executive attention training.
Summary
Mindfulness mediation has proven effective in improving brain functions related to executive attention in normal subjects across the life span. Our studies of IBMT suggest its utility in improving the activity and connectivity of the executive attention network involved in self-regulation. This network can also be improved by exercises that involve its repeated use. The evidence discussed here supports the use of attention training and meditation to improve the lives of children and as a possible treatment of a variety of conditions that may involve a deficit in self-regulation.
